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© In a die casting machine that includes a shot 
cylinder having a ram for injecting metal into a die 
cavity, an electrohydraulic system for controlling op- 
eration of the shot cylinder includes an actuator 
coupled to the shot cylinder ram. A valve supplies 
hydraulic fluid to the actuator cylinder as a function 
of valve control signals. Microprocessor-based digital 
control electronics includes memory for storing a 
desired ram velocity profile as an incremental func- 
tion of ram position. The control circuitry is respon- 
sive to signals from a sensor coupled to the actuator, 
indicative of position at the ram, for retrieving cor- 
responding velocity signals from memory and sup- 
plying control signals to the valve as a function of 
such profile velocity signals. The control circuitry 
further includes facility for adjusting impact of the 



shot cylinder ram at the end of a cavity-filling stroke 
as a function of ram and actuator position and/or 
pressure, independently of the velocity/position pro- 
file, to reduce separation and flashing at the die 
cavity, and to reduce impact wear and fatigue on the 
overall die casting machine. A keyboard and asso- 
ciated operator display provide operator program- 
mability and selection from a plurality of 
velocity/position profiles. The actuator and cylinder, 
ram may be advanced in a manual mode of opera- 
tion for adjustment and calibration proposes. A dis- 
play associated with the keyboard graphically illus- 
trates desired and actual velocity/position profiles 
during operation, together with a profile of actuator 
drive pressure verses position. 
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velocity in a die casting machine. 



Background and Objects of the Invention 



There are numerous applications in the elec- 
trohydraulic control field in which it is desired to 
control motion at an actuator system and load. In a 
die casting machine, for example, it is desirable 
closely to control the profile of motion at the so- 
called shot cylinder that pushes motten metal into 
the machine die cavity. Specifically, velocity of the 
shot cylinder ram must be closely controlled as a 
function of ram position to obtain optimum machine 
efficiency and throughput, while maintaining prod- 
uct quality and reducing material waste through die 
separation and flashing, etc. Wear at the cylinder 
and die cavity are also reduced, and machine 
productivity therefore increased, when both velocity 
and stroke of the shot cylinder ram can be closely 
controlled and tailored to die cavity volume and 
configuration. 

It is therefore a general object of the present 
invention to provide an electrohydraulic actuator 
system that obtains enhanced and precise control 
of motion at the actuator and load. Another object 
of the present invention is to provide a system of 
the described character that embodies state-of-the- 
art electronic control capability, and yet is easy and 
economical to implement both in new system con- 
struction and in retrofit of existing systems. 

A further and more specific object of the 
present invention is to provide an electrohydraulic 
system for controlling velocity at an actuator load, 
such as the shot cylinder of a die casting machine, 
as a precise yet programmable function of position. 
A related object of the invention is to provide a 
shot cylinder control system for a die casting ma- 
chine that includes facility for programming and 
storing a plurality of operator-selectable velocity 
versus position control profiles, for adjustment of 
impact force at the end of the ram stroke for 
reducing die separation and flashing at the ma- 
chine, and/or for graphic display of desired and/or 



tion at a load coupled to a hydraulic actuator in 
5 accordance with a first important aspect of the 
present invention includes an electrohydraulic valve 
having a valve element. Hydraulic fluid is supplied 
to the actuator as a function of position of the valve 
element, which in turn is controlled by electronic 
10 valve control signals supplied to the valve. A first 
position sensor is coupled to the actuator for pro- 
viding a corresponding signal as a function of mo- 
tion at the actuator and load. A second position 
sensor is coupled to the movable element of the 
rs valve for providing a corresponding sensor signal 
as a function of motion at the valve element. Con- 
trol electronics includes an inner servo loop that 
supplies control signals to the valve as a function 
of a differences between a valve command input 
20 signal and the signal from the second sensor coup- 
led to the valve element. An outer servo loop 
supplies a load position error signal as a function of 
a difference between a load position command 
input signal and the signal from the first sensor 
25 coupled to the actuator and load. A switch is con- 
trolled to select between the load position error 
signal and a separate valve element position com- 
mand signal to provide the valve command signal 
to the inner servo loop. Thus, the control electron- 
30 ics. which is preferably microprocessor-based, in- 
cludes facility for programmed or manual selection 
of dual control modes of operation for enhanced 
control flexibility and precision. 

In accordance with a second important aspect 
35 of the present invention, the control electronics 
includes facility for entering a desired profile of 
velocity versus position or time at the actuator and 
load. Signals indicative of actual position at the 
actuator and load are received from the sensor 
40 coupled to the load, and corresponding command 
signals are supplied to the valve for obtaining de- 
sired load velocity. Preferably, the control electron- 
ics is microprocessor-based and includes facility 
for receiving and storing a plurality of desired 
45 velocity /position profiles and selecting from among 
the plurality of prestored profiles for operation of 
the system. Actual velocity/position profile is 



event that a modification is desired, the operator 
may shift screen cursor 104 to the appropriate 
screen location, and enter the corresponding de- 
sired change in position or velocity. A title 106 is 
selected by the operator and assigned to the pro- 
file, and the profile is stored under that title in 
. memory 72 (FIG. 4) by depression of the ENTER 
key at keyboard 50. Thereafter, the profile of FIG. 6 
may be modified as desired by simply recalling the 
profile by title (GBNEW in the example of FIG. 6) 
and entering desired changes. 

In the manual and automatic modes of opera- 
tion, screen 48 is configured to contain two graphic 
displays 108, 110 (FIG. 7). Display 108 contains 
superimposed images of desired and actual 
position/velocity profiles, and display 110 illustrates 
actual pressure/position profile obtained during sys- 
tem operation. Initially, in a manual mode of opera- 
tion for which an exemplary display is illustrated in 
FIG. 7, the operator selects a preprogrammed 
velocity/position profile, and this profile 112 is dis- 
played. In the exemplary profile 112, the operator 
desires to increase velocity at actuator 22 and shot 
cylinder 12 (FIG. 1) rapidly to a velocity of 220 
inches per second, and to maintain this velocity 
throughout the entire stroke of 22 inches. (Stroke 
length is selectable, with different lengths being 
illustrated in FIGS. 6 and 7 for purposes of exam- 
ple.) Upon depression of the F1 function key at 
keyboard 50, actuator 22 is driver by computer 42 
and controller 34 through a complete stroke in the 
cavity-filling direction 116 (FIG. 1). At each in- 
cremental position of actuator piston 20, the cor- 
responding actual velocity is determined as a func- 
tion of a change in position feedback signal Ym, 
and the computed velocity is graphically displayed 
at 114. Likewise, actuator drive pressure P (FIG. 1) 
is read for incremental display at 1 10. The operator 
may thus observe actual versus desired 
velocity/position profile, as well as changes in hy- 
draulic pressure corresponding to such profile. De- 
sired modifications may be made by returning to 
the profile editor mode of operation (FIG. 6). Upon 
completion of a stroke, the shot cylinder and ac- 



110 of the most recent ten shots, preferably in 
different colors so that the operator may observe 

w any changes in operation. Each "shot ,r is initiated 
by a command signal from PLC, which among 
other functions correspondingly controls reservoir 
16 and die cavity 18 (FIG. 1). Status information is 
transmitted to PLC for management information 

75 and control purposes. 

In a calibration mode of operation, the op-:-:;tor 
has the ability to calibrate the end positions c. rhe 
actuator, and also to adjust actuator speed through 
adjustment of fluid flow to the actuator from direc- 

20 tional control valve 26. Return velocity of actuator 
22 and ram 14 are preferably constant, and set at 
this point. Likewise, in a system configuration 
mode of operation, desired maximum velocities, 
pressure, stroke length and other parameters may 

25 be entered by the operator. 

Velocity of the actuator and shot cylinder at the 
end of a cavity-filling stroke, and thus impact of the 
shot cylinder when the cavity is full, may be ad- 
justed to reduce separation of the die elements and 

30 consequent flash of material out of the die. This is 
accomplished by selection of the desired impact 
level (0 through 9) in the configuration mode, the 
shot profile entry/edit mode or the automatic mode. 
The selected value corresponds to a predefined 

35 acceleration profile near the end of the stroke. This 
profile is based upon the actual position of actuator 
22 and/or the pressure signals from sensors 38. 

40 Claims 

1. An electrohydraulic system for controlling 
motion of a load (10) coupled to hydraulic actuation 
means (22), said system comprising 

45 electrohydraulic valve means (26, 32) that includes 
a valve element (54), means (56) for supplying 
hydraulic fluid to said actuation means (22) as a 
function of position of said valve element (54), and 
means (32) responsive to electronic valve control 

so signals (U) for controlling position of said valve 
element (54), and 
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means for receiving first (Yc) and second (Ysc) 
command signals as functions of desired motion at 
the load (10) and valve element (54) respectively, 
means (74) for providing an error signal (E) as a 
function of a difference between said first com- 
mand signal (Yc) and said first sensor signal (Ym), 
means (56) for selecting between said error signal 
(E) and said second command signal (Ysc) to pro- 
vide a command control signal (R), and means (88) 
for providing said valve control signals (U) as a 
function of a difference between said command 
control signal (R) and said second sensor signal 
(Ys). 

2. The system set forth in claim 1 

wherein said first and second command signals 
(Yc, Ysc) comprises respective position command 
signals, and 

wherein said first and second sensors (36, 40) 
supply said sensor signals (Ym, Ys) as respective 
functions of position at said load (10) and valve 
element (54). 

3. The system set forth in claim 2 

wherein said error-signal providing means (74) in- 
cludes means (76) for differentiating said first sen- 
sor signal (Ym). 

4. The system set forth in claim 2 or 3 
wherein said electronic valve control means (34) 
comprise an inner electronic servo control loop (94) 
that includes means (88) for supplying said valve 
control signals (U) as a function of a difference 
between said valve command signal (R) and said 
second sensor signal (Ys), 

an outer electronic servo control loop (96) that 
includes means (74) for receiving a load position 
command signal (Yc), and means (74) for sup- 
plyingn a load position error signal (E) as a function 
of a difference between said load position com- 
mand signal (yc) and said first sensor signal (Ym), 
means (86) for receiving a valve element position 
command signal (Ysc), and 

means (86) for selecting between said load position 
error signal (E) and said valve element position 
command signal (Ysc) to provide said valve com- 
mand signal (R) to said inner servo loop (94). 

5. The system set forth in claim 4 

wherein said outer servo control loop (96) includes 
means (76) for differentiating said first sensor sig- 
nal (Ym) to filter said first sensor signal. 

6. An electrohydraulic system set forth in any 
of claims 1 to 5 further comprising 

control means (42) for supplying said input com- 
mands (Yc, Ysc) to said valve controller (34), 
characterized in that said control means (34) in- 
cludes means for controlling profile of load velocity 
versus position comprising 

means (50) for entering a desired profile of velocity 
versus position at said load, 

means (72) for receiving and storing said desired 



profile, 

means (43, 66) for receiving signals (Ym) from said 
actuator means (22) indicative of positron at said 
load (10) and 

s means (64) responsive to said receiving-and-stor- 
ing means (43, 66, 72) and to said posit/on-indicat- 
ing signals (Ym) for supplying said input command 
signals (Yc, Ysc) to said valve controller (34). 
7. The system set forth in claim 6 

io wherein said receiving-and-storing means com- 
prises means (72) for receiving and storing a plu- 
rality of said desired profiles, and means (46, 50) 
for selecting among said plurality of profiles for 
operation of said system. 

75 8. The system set forth in claim 6 or 7 

further comprising means (48) for graphically dis- 
playing said desired velocity/position profile. 

9. The system set -forth in claim 8 

wherein said graphically-displaying means (48) fur- 
20 ther includes means responsive to said position- 
indicative signals (Ym) for graphically displaying 
actual velocity/position profile at said load (10). 

10. The system set forth in claim 9 

wherein said graphically-displaying means (48) in- 
25 eludes means (108) for displaying said actual pro- 
file superimposed on said desired profile. 

11. The system set forth in any of claims 1 to 

10 

further comprising means (38) for supplying a pres- 
30 sure signal (P) as a function of hydraulic fluid 
pressure at said actuator (22), and wherein 
graphically-displaying means (48) further com- 
prises means (64, 66, 68, 110) responsive to said 
pressure signal (P) and to said position-indicative 
35 signals (Ym) for displaying profile of pressure ver- 
sus position at said actuator. 

12. The system set forth in any of claims 6 to 

11 

wherein said control means (42) further includes 
40 means for selectively adjusting velocity or impact 
at a limit of travel of said load (10) independently of 
said profile. 

13. The system set forth in any of claims 6 to 

12 

45 wherein said control means (42) comprises menu- 
driven microprocessor-based control means (70). 

14. The system set forth in any of claims 6 to 

13 

wherein said profile-entering means (50) comprises 
so means for selectively varying parameters of said 
profile. 

1.5. The system set forth in any of claims 6 to 

14 

wherein said control means (42) 

55 



16. The system set forth in any of claims 1 to 
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wherein said load comr: 
having a ram (14) for ir 
cavity (18) of a die castirr- 



shot cylinder (12) 
meta! into a die 
e MO). 



17. The system of 

wherein said control means [*2) includes means 
(102, - ' '\ for cor.. rolling profile of shot cylinder 
ram ve ;y versus position comprising 
digital memory means (72) for storing a desired 
ram velocity profiie as an incremental function of 
ram position, 

means (64) coupled to said memory means (72) 
and responsive to increments of said position-indi- 
cative signal (Ym) for retrieving from said memory 
means corresponding velocity signals, and 
means for supplying said valve control signals as a 
function of said velocity signals. 

18. The system set forth in claim 17 
wherein said memory means (72) further includes 
means for storing adjusted impact control data 
associated with each said profile. 

19. The system set forth in any of claims 6 to 

18 

wherein said control means (42) further includes 
means for optionally entering a desired profile of 
velocity versus time, and means for supplying said 
input command signals as a function of said 
velocity/time profile. 
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© In a die casting machine that includes a shot 
cylinder having a ram for injecting metal into a die 
cavity, an eiectrohydraulic system for controlling op- 
eration of the shot cylinder includes an actuator 
coupled to the shot cylinder ram. A valve supplies 
hydraulic fluid to the actuator cylinder as a function 
of valve control signals. Microprocessor-based digital 
control electronics includes memory for storing a 
desired ram velocity profile as an incremental func- 
^ tion of ram position. The control circuitry is respon- 
sive to signals from a sensor coupled to the actuator, 
indicative of position at the ram, for retrieving cor- 
^ responding velocity signals from memory and sup- 
^ plying control signals to the valve as a function of 
such profile velocity signals. The control circuitry 
CJ further includes facility for adjusting impact of the 
0 shot cylinder ram at the end of a cavity-filling stroke 
as a function of ram and actuator position and/or 
pressure, independently of the velocity/position pro- 
™ file, to reduce separation and flashing at the die 
cavity, and to reduce impact wear and fatigue on the 



overall die casting machine. A keyboard and asso- 
ciated operator display provide operator program- 
mability and selection from a plurality of 
velocity/position profiles. The actuator and cylinder 
ram may be advanced in a manual mode of opera- 
tion for adjustment and calibration proposes. A dis- 
play associated with the keyboard graphically illus- 
trates desired and actual velocity/position profiles 
during operation, together with a profile of actuator 
drive pressure verses position. 
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